I . -Introduction It is well known that fine zirconia particles dispersion enhances the mechanical properties of ceramic materials. Several mechanisms have been identified according to the presence or not of tetragonal Zr02 : transformation toughening, microcracking, crack branching or deviation, grain boundary strengthening, ...
In mullite-zirconia composites, reaction sintering from alumina-zircon mixtures allows us to carry out both densification of the material and dispersion of zirconia particles. However, the tetragonal zirconia content in these composites is generally low (35 percent of the whole zirconia, about 8 volume percent of the material). Despite several fundamental studies (1, 2, 31, the mechanisms of reinforcement are not clearly established for this kind of zirconia ceramics.
The tetragonal zirconia content can be increased, for instance by adding a stabilizer (yttria) in order to favour one particular mechanism : transformation toughening. In this paper the mechanical and microstructural properties of mullite-zirconia materials containing increasing amount of yttria (MZY composites) are described and discussed in relation to toughening mechanisms. were added to the mixture. The slurry was spraydried and the agglomerates were diepressed to obtain 150 X 25 X 10 mn'green samples. After debonding, the materials were fired in air at 1500° C during 15 to 240 min. The materials were analysed by XRD in order to determine the nature and the content of the different phases (method of internal standard : NaF). The microstructural characterisation was carried out by microprobe analysis for identification of the different grains and by dirnensions measurement on pictures obtained by SEM according to methods described elsewhere(3). For this purpose the samples were polished and chemically etched. Elastic modulus (E) was measured by Grindosonic method (natural vibration). The microhardness (Hv) and critical stress intensity factor (KIC) were obtained from Vickers indentation according to Evans equation (4).
-Results and discussion
It has been stated(8) that the presence of yttria favours the dissociationof zircon and consequently the formation of zirconia. However, as it can be seen in figure 1 (which presents the mullite and alumina contents as a function of yttria), the amount of mullite decreases when'the yttria content is higher than 3 W/o. It is probable that in this system the boundary between the secondary crystallisation field of mullite and this of alumina is located close to 3 W/o Y203. The total tetragonal zirconia content (Qr tot) was measured on fired samples (without any mechanical treatment), The chemically stabilized tetragonal zirconia content (Qr stab) was measured on ground materials. 
i t e g r a i n s (A) and i n t h e boundaries (B). A t h i r d c l a s s o f z i r c o n i a g r a i n s (C) p a r t l y l o c a t e d i n s i d e t h e m u l l i t e and i n t h e boundary g r a i n s can be n o t i c e d .
The s m a l l white y t t r i a g r a i n s ( -0.2 ~lm-see p i c t u r e 3 ) a r e agglomerated a s c h a i n s around i n t e r g r an u l a r z i r c o n i a g r a i n s . These i n t e r g r a n u l a r Zr02-Y203 zones become l a r g e r a s t h e y t t r i a c o n t e n t i n c r e a s e s and l e a d f o r 10 W/o Y203 t o a completely heterogeneous and porous m i c r o s t r u c t u r e ( p i c t u r e s 4 and 5 ) .
For each c l a s s o f z i r c o n i a g r a i n s , a mean diameter was c a l c u l a t e d from t h e d i s t r ib u t i o n s i n number. The d a t a a r e p r e s e n t e d v e r s u s y t t r i a c o n t e n t i n f i g u r e 2. T h i s f i g u r e shows t h a t t h e s i z e o f i n t r a g r a n u l a r z i r c o n i a is s m a l l e r t h a n t h i s o f o t h e r g r a i n c l a s s e s and is t h e same f o r each y t t r i a content,whereas boundary and i n t e rg r a n u l a r g r a i n s i z e s d e c r e a s e f o r i n c r e a s i n g amount o f Y203. T h i s can be e x p l a ined on one hand by t h e slow d i f f u s i o n r a t e o f s p e c i e s through c r y s t a l l i n e m u l l i t e (A t y p e z i r c o n i a g r a i n s ) e x p l a i n i n g t h e i r i n s e n s i b l e behaviour, and on t h e o t h e r hand by t h e f a c t t h a t y t t r i a p a r t i c l e s agglomerate around B and C t y p e z i r c o n i a p a r t i c l e s ( p i c t u r e 3) l e a d i n g t o t h e formation o f a d i f f u s i o n b a r r i e r making slower t h e z i r c o n i a c r y s t a l growth d u r i n g t h e f i r i n g .
Mechanical p r o p e r t i e s (E, Hv, K ) and open p o r o s i t y (PO) o f MZY composites a r e I C a l s o r e p o r t e d i n t a b l e I (120 mln o f f i r i n g ) .
A s shown by t h e t a b l e , E and Hv p r e s e n t a minimum v a l u e f o r 3 w/o Y 0 which c o r r e s -
3 ponds t o a maximum open p o r o s i t y and a maximum m u l l i t e c o n t e n t ( f i g u r e 1 ) . T h i s behaviour i s probably r e l a t e d t o h e t e r o g e n e i t i e s i n t h e powder m i x t u r e s a p p e a r i n g when Y 0 i s added and l e a d i n g t o pore formation when r e a c t i o n o c c u r s ( 7 ) .

KIC an4 dr t r mean v a l u e s ( c a l c u l a t e d from d a t a o b t a i n e d f o r a l l t h e f i r i n g t i m e s )
a r e p r e s e n t e d a s a f u n c t i o n o f Y203 c o n t e n t a t f i g u r e 3. . Two h y p o t h e s i s can b e proposed : t h e f i r s t one is r e l a t e d t o o t h e r z i r c o n i a toughening mechanisms, t h e i n f l u e n c e of which being balanced a s a f u n c t i o n o f Y203 a d d i t i o n ; t h e second one is an improvement o f f r a c t u r e energy i n r e a c t i o n s i n t e r e d m u l l i t ez i r c o n i a composites due t o t h e i r p a r t i c u l a r m i c r o s t r u c t u r e ( a c i c u l a r c r o s s l i n k e d m u l l i t e g r a i n s ) : indeed t h i s m i c r o s t r u c t u r e becomes heterogeneous when 10 W/o Y203 is added ( s e e p i c t u r e s 4 and 5 ) .
IV -Conclusion Y 0 a d d i t i o n i n m u l l i t e -z i r c o n i a composites a l l o w s u s t o i n c r e a s e t h e amount mecha-2 3 n l c a l l y t r a n s f o r m a b l e t e t r a g o n a l z i r c o n i a . However K C v a l u e s remain almost c o n s t a n t t o 5 W/o Y203 and t h e n d e c r e a s e e x c l u d i n g a main i n f l u e n c e o f t r a n s f o r m a t i o n toughening mechanism. I n c i d e n c e o f o t h e r mechanisms o r o f p a r t i c u l a r m i c r o s t r u c t u r e e f f e c t s cannot be d i f f e r e n c i a t e d due t o m i c r o s t r u c t u r a l m o d i f i c a t i o n and absence of mechanically t r a n s f o r m a b l e t-Zr02 o c c u r i n g s i m u l t a n e o u s l y i n 1 0 W/o y t t r i a MZY composites.
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